Recent studies have shown that MRI techniques are reliable to measure mid-sagittal cuts of the vocal tract. Three-dimensional images of the vocal tract have been proposed e.g. by Foldvick et al.
INTRODUCTION
Accurate measurement of the vocal tract shape during phonation is a fundamental part in the study of speech pruduction. In recent years magnetic resonance techniques were used to measure mid-sagittal images of the vocal tract and to obtain area functions from these data Demolin 
Subjects and composition of the data
This study was carried out on French vowels spoken by four different subjects (two female and two male) living in Brussels.
Subjects were asked to pronounce and to sustain the 10 French oral vowels [i, e, E, a, y, 0, &, 3, 0, U), for 14s. In the present study nasal vowels were not taken into account.
Before the main exam of the study, using the same MRI parameters, a stack of 11 cuts was taken in the sagittal plan. The medio-sagittal cut was used to posit the cuts of the 3 different stacks examined in the recording session. The 6 transversal cuts cover the middle floor of the larynx, the larynx vestibule and the inferior part the pharynx (low pharynx for the male subjects, low and mid-pharynx for the female subjects). The 3 coronal oblique cuts cover the oro-pharynx and the velum regions. Finally, the 5 coronal cuts cover the lips, alveolar and hard-palate regions. Before recording, the three stacks, have been repositioned for each vowel. The latter point is imporcant since the position of the axticulaton varies for each vowel uttered.
ANALYSIS
The examination of the areas obtained for every vowel in the experiment show some interesting facts. Even if it is difficult to compare male and female subjects, mainly because of vocal tract length differences, some regularities are observable between the 4 subjects of the study. First we have to mention that the accurate localization of the vocal folds from a mid-sagittal cut is not possible and therefore the measure of the length of the vocal tract is approximate. However, the first cut (SL 1 on figure 2 and 3) was posited in such a way to be situated in the middle floor of the larynx. SL 7 to 9 are situated in the oro-pharynx and velum regions. This is the constriction zone for the back vowels. The areas found in this region show that the tongue exhibit a depression in the sagittal plan. The depth of this depression is very important for the front vowels and less important for the back vowels, but it is always present. In the case of the high, close, front vowels this sagittal depression can account for at least one 4th of the total area. Consequently these data show that the shape of the tongue in the bend of the vocal tract must be taken into account for the calculus of sagittal to area function.
SL 10, 11, 12 are situated in the hard-palate region. This is the constriction zone for the front vowels. SL 13 is situated in the alveolar region and SL 14 shows areas for the lips. A comparison between rounded vowels shows that, as expected, lips areas are smaller for high vowels than for more open vowels. The order is the following for front rounded vowels: yc8<0e and ucoo for back vowels but only for the male subject. The female subject shows a different order in lip rounding i.e. 0qeae and (K uo.
All the areas obtained in the experiment were measured by the following method. First, the outline of the cross section is digitized w i t h a graphic pad, and then, the area is computed by means of numerical integration. Results are shown in table 1 and 2 
DISCUSSION
From the data obtained by both the MRI and the measurement of the areas, it is theoretically possible to try to reconstruct the vocal tract shape. However, several important problems remain to be taken into account. Another problem is the determination of the air-tissue boundaries. Matsumura et al. [lo] have proposed a computer algorithm to trace the boundaries of the vocal tract and the nasal cavity but some problems remains to be solved. For example, in our data we have noticed that there is a problem to make the difference between air and teeth in the hard palate and alveolar regions (SL 11-13 on figures 2 and 3) since teeth appear in dark because of the lack of mobile hydrogen. The visualization of the dental crown has still to be done but no reliable method has been found yet. for the position and shape of the tongue during the production of vowels.
CONCLUSION
In this paper we have made measurements of the vocal tract from areas obtained by MFU in the coronal, coronal oblique and transversal plans. The areas obtained, while speakers were uttering French vowels, have allowed us to measure the shape of the vocal tract at different places from the glottis to the lips. These data offer some promising perspectives for the making of true 3D measures of the vocal tract, but before this some basic problems in the inteipretation of MRI data remain to be solved. Such problems involve the visualization of the teeth and the identification of airtissue boundaries.
